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PROCESS FOR SEPARATING AND RECOVERING 
3-HYDROXYPROPIONIC ACID AND ACRYLIC ACID 

gRQSS REFF.RENCE TO RPT >^teD APPT TP ATrnxic 

This application claims the benefit of U.S. Provisional Application No. 
60,482,738, filed June 26, 2003. 

FIELD 

The invention relates to a process for separating and recovering 3- 
hydroxypropionic acid ftom an aqueous solution comprising 3-hydroxypropionic acid 
acrylic acid and/or other acid impurities. The aqueous solution may be obtained from any 
one of multiple preparation routes of 3-hydroxypropionic acid, such as hydration of acrylic 
acid. 

The invention also relates to separation and recovery of acryhc acid from solutions 
compnsing acrylic acid and an organic extractant. There are provided two processes for 
separating and recovering acrylic acid from fixe solution. In a first process, a solution 
compnsing acrylic acid and an organic extractant is subjected to back extraction with 
water to recover the acrylic acid from fto extractant. In another process, a solution 
compnsmg acrylic acid and an organic extractant having a boiling point lower ti^n lOO'C 
IS distilled in the presence of water to distill tiie extractant, resulting in an aqueous acrylic 
acid solution. 

Furfhermore. the invention includes combining both the process for sepamting and 
recovering 3-hydroxypropiomc acid and the process for separating and recovering acrylic 
acrd. This aUows for the recycling of acryUc acid, and organic extractant, providmg 
economic advantages. 
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BACKGROTTTJn 

Various methods for separating and recovering S-hydroxypropionic acid from an 
aqueous solution comprising 3-hydroxypropionic acid and acrylic acid are known. 
Included within such methods is distilling acrylic acid from the aqueous solution. Further 
It IS known that aciyUc acid in tiie aqueous solution is extracted wifli efliyl acetate. 
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SUMMARY 

The p«»m imena™ pro^des baKh and conti„„„„, p^,,^ ^ 
l^venng 3*yd™,ypxopi„„ic acid fton, a. aqueous so,u«„n cou^stag 3- 
iydr„xjT,™pi<,„io aoid. ac^lte acid and/or cte acid topuritiea by . s.,™, 
wfl, any o^eauio exUactot. after to etoyl acetate, to, aBows for sepanrtio. ^ 
recovery of 3-bydroxypropiomc acid. 

to addition. a.e p:e=^, invenaon provides a process for separating and recovering 
3-hydroxyp,op.onic acid in Irigh efficiency, as con.pared to to use of efliy, acetate, and « 

1» ^P^videsbatcl. and continuous processes forreco^ring 

«=.yhc acd and regenerating extracten. for reuse. Jron. an acryBc acid-extmcten. soMon 

Additionany. to present invention provides . process fcr separating and 
reoovermg 3.hydroxypropiouic acid from an aqueo™, solution contprising 3- 
bydroxypropionic acid, acrytic acid, and/or oti,er acid in^urities. tita, also includes to 
separation and recovety of acryBc acid lion, solutions con,prisi.g acrylic acid and 
organic extractant. 

to accordance witi, to present invention, it has been fcund to. to above and still 
totiter advanteges are achieved by extn^ting acrylic acid arrf/or otiter acid intpnrities 
ftom an aqueous solution also comprising 3*ydr»ypn.pionfc acid witi, an organic 
» ext^ctantexcepteftylacetate. Acrylic acid may be recovered *om to ^rtractanttbCl 
enabbng to extracten. and acrylic acid be .cycled for reuse. Ihe aqueous solution 
-m«nmg after acrylic extraction by to ex.n«,t.nt comprise. S-bydroxypropionic acid 

The extractant is organic, and is a, leas, relatively immiscible witi, an aqueous 
solution renting to a separate phase. extiaCn. is preferably selected ftom an 
alcohol, edrer, ester (excluding eftyl acetate). amide, amtoe. a phosphorus ester, 

ha^^genated compound, aromatic compound, phospbme oxide, phospbtoe sulfide, aftyl 
sulfide and mixtures toreot "n^ extiuction may be conducted m ..^ mam«Z 
example, m counter cmrent. co^ or cn,ss current attraction system utiliztag any 
eqmpment such to, to separation and recovery of 3^yp.opi„„i, acid fiom acyBc 
30 acid can be achieved. 

The 3.ij,<taxypn^i^„ acid recovemd by to p«sen, ptocess is a reported 
compound havrngm^ry applications, andtoprodnc, hereto is usefulfasucbappHcations. 
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m particular. 3-hydioxypiopiomc acid is reported as being a useful intermediate in the 
preparation of various organic materials. 

Ill further embodiment of the present invention, there are provided two processes 
for separating and recovering acrylic acid fiom a solution comprising acrylic acid and 
organic extiactant A first process comprises subjecting a solution comprising acryUc acid 
and organic extmctant to back extraction with water, using any conventional technique, to 
separate and recover Ihe aciyUc acid &om the extractant. 

A second process for separating and recovering acrylic acid from a solution 
comprising aciyKc acid and organic extractant where the organic extractant has a boiling 
pomt lower than lOQoC. comprises distilling the solution, in the presence of water, to 
distill the organic extractant, thereby resulting in an aqueous acrylic acid solution. 

Anoflier embodiment of the present invention comprises combining the process for 
separating and recovering 3-hydroxypropionic acid from a solution comprising 3- 
hydroxypropionic acid and acrylic acid with a process for separating and recovering 
acryUc acid from a solution comprising acrylic acid and an organic extractant. lUis 
combined process allows for recovering and recycling acryUc acid and/or extractant. 
providing economic advantage. 



DETAILED r)FS<-PTPTTr>>T 

In accordance with the present invention, it has been fomid fliat the above features 
and advantages are achieved by extracting acrylic acid and/or other acid impurities from 
an aqueous solution also comprising 3-hydroxypropionic acid wittt an organic extractant 
Acrylic acid may be recovered from the organic extiactant thereby enabling the organic 
extractant and acrylic acid to be recycled. The aqueous solution remaining after acryMc 
acid extraction by the organic extractant comprises 3-hydroxypropionic add. 

The extractant is organic, and is at least relatively immiscible with an aqueous 
solution resulting in a separate phase. The extractant is preferably selected from an 
alcohol, ether, ester (excluding ethyl acetate), ketone, amide, amine, a phosphorus ester 
halogenated compomid, aromatic compomid, phosphine oxide, phosphine sulfide, alkyl 
sulfide, and mixtures thereof. The extraction may be conducted in any mamier. for 
example, in comiter current, co-current or cross current extraction system utilizmg any 
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equipment such fliat the separation and lecovery of 3-hydroxypiopiomc acid fiom aciyUc 
acid can be achieved. 

In a further embodiment of the present invention, there are provided two processes 
for separating and recovering acrylic acid ftom a solution comprising acrylic acid and 
organic extractant A first process comprises subjecting a solution comprising acrylic acid 
and organic extractant to back extraction wilh water, using any conventional technique, to 
separate and recover the acryUc acid from the extractant. 

A second process for separating and recovering acrylic acid from a solution 
comprising acryUc acid and organic extractant where the extractant has a boiling point 
lower than lOOoC. comprises distilling the solution, in the presence of water, to distUl ihe 
extractant. thereby resulting m an aqueous acrylic acid solution. 

Another embodiment of the present invention comprises combining the process for 
sq)arating and recovering 3-hydroxypropionic acid from a solution comprising 3- 
hydroxypropionic acid and acrylic acid with a process for separating and recovering 
acrylic acid from a sohition comprising acryUc acid and an organic extractant Hiis 
combined process aUows for recovering and recycling acrylic acid and/or extractant. 
providing economic advantage. 

As reported above, in the process for separating and recovering 3- 
hydroxypropionic acid herein, the extractant used in the process of the present invention is 

20 at least relatively immiscible with an aqueous solution resulting in a sepamte phase. TTie 
extractant used in the present invention is selected preferably from an alcohol, ether, ester 
(excluding ethyl acetate), ketone, amide, amine, a phosphorous ester, halogenated 
compound, aromatic compound, phosphine oxide, phosphine sulfide, alkyl sulfide, and 
mixtures thereof. In more, detail, exemplary extractants suitable for use are described as 

25 foUows: 

Exemplary alcohols suitable for use as extractant have a formula of ROH in which 
R is C4 -C24 saturated or unsaturated alkyl group, Imear or branched, optionally substituted 
by halogen, alkoxy, amino, alkylamino, hydroxyl groups, cyclic alkyl groups, or a Ce -C24 
aryl group, optionally substituted by halogen, alkoxy, amino. aUqrlamino. or hydroxyl 
30 groups. Examples are butanol, amyl alcohol, pentanol, hexanol, heptanol. octanol, 
decanol. dodecanol. 2^thyl.l.hexanol. tetradecanol. cyclohexanol, benzyl alcohol, and 
mixtures thereof. 
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Exemplaiy ethers suitable for use as extiactant in the present process have the 
formula R,ORa in which R, and Rz are individuaUy similar or dissimilar, and represent a 
C,-C24 saturated or unsaturated alkyl group, linear or branched, optionally substituted by 
halogen, alkoxy, amino, alkylamino. hydroxyl groups, cyclic alkyl groups, or cyclic ether, 
or a Cfi -C,2 aryl group, optionally substituted by halogen, alkoxy, amino, alkylamino, or 
hydroxyl groups. Examples are diethyl ether, dipropyl ether, diisopropyl ether, dibulyl 
ether, dihexyl e&er, dioctyl ether, methyl t-butyl ether, 2-butoxyethyl acetate, 
dibutylcarbitol, and mixtures thereof. 

Exemplary esters suitable for use as extractant have flie formula RiC(0)0R2 in 
which R, and Rz are individually similar or dissimilar, and represent a C, -C24 saturated or 
unsaturated alkyl group, linear or branched, optionally substituted by halogen, alkoxy, 
amino, alkylamino, hydroxyl groups, cyclic alkyl groups or lactones, or a Q -C,2 aryl 
group, optionally substituted by halogen, alkoxy, amino, alkylamino, or hydroxyl groups. 
Examples are mefliyl acrylate. methyl propionate, propyl acetate, isopropyl acetate, butyl 
acetate, tiihexyl tiimellitate, trioctyl trimeUitate, diethyl butyhnalonate, and mixtures 



thereof. 



Exemplary ketones suitable for use as extractant in the present process have the 
formula R,C(0)R2 in which Ri and R2 are individually similar or dissimilar, and represent 
a C,-C24 saturated or unsaturated alkyl group, linear or branched, optionaUy substituted by 
halogen, alkoxy, amino, alkylamino, hydroxyl groups, cyclic alkyl groups or cycloketones, 
or a C6-C,2 aryl group, optionally substituted by halogen, alkoxy. amino, alkylamino, or 
hydroxyl groups. Examples are methyl ethyl ketone, methyl isobutyl ketone, 
cyclohexanone. acetophenone. and mixtures thereof. 

Exemplary amides suitable for use as extractant have the formula RiC(0)NR2R3 in 
which R,,R2 and R3 are individually similar or dissimilar, and represent hydrogen, a C,- 
C24 saturated or unsaturated alkyl group, Imear or branched, optionally substituted by 
halogen, alkoxy, amino, alkylamino, hydroxyl groups, or cyclic amides, or a Cs-Cc aryl 
group, optionally substituted by halogen, alkoxy. amino, alkylamino, or hydroxyl groups. 
Examples are N,N.dibutyl formamide, N,N-dibutyl acetamide, N,N-dipropyl 
propionamide,N,N.dibutyllactamide. l-octyl-2-pyirolidinone, l-dodecyl-2.pyrroUdinone, 
N,N-diefliyl dodecanamide, and mixtures thereof 
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Exemplaiy amines include those having the fonnula RjRaRsN in which Rl, R2. 
and R3 aie individuaUy similar or dissimilar, and represent hydrogen, a C,-Ca4 saturated or 
unsaturated alkyl group, linear or branced. optionaUy substituted by halogen, alkoxy. 
amino, alkylamino. or hyroxyl groups, or a Ce-Cn aryl group, optionally subs^tuted by 
halogen, alkoxy. ammo, allcylamino. or hydroxyl groups. Quartenary amine salts may also 
be used as an extractant Examples are trioclyl amine, tridecyl amine, teidodecyl amine, 
and mixtures thereof. 

A halogenated compound, phosphorus ester, carbonate ester, phosphine oxide, 
phosphine sulfide, and alkyl sulfide is also suitable for use as extractant. Exemplar^ 
compounds include methylene chloride, chloroform, carbon tetrachloride. 1.2- 
dichloroelhane. trichloroethane. tributyl phosphate, triphenyl phosphate, trito'lyl 
phosphate, dimethyl carbonate, diethyl carbonate, trioctylphosphine oxide, dimethyl 
methylphosphonate. iriisobutyl phosphine sulfide, dihexyl sulfide, diheptyl sulfide, and 
mixtures fliereof. 

Any of the extractants may be used alone or in combination with each other. For 
example, it may be useful to combine an ester extractant with alcohol and/or ether, ketone, 
amide, halogenated compound, phosphine oxide, phosphine sulfide or alkyl sulfide. 

In the process for separating and recovering the 3-hydroxypropiomc acid by 
solvent extraction from the solution comprising 3-hydroxypropionic acid and aciyUc acid, 
the extractant for aciyUc acid extraction in the organic phase is typically present in aii 
amount of about 1 to about 100 weight percent. The remainder of the component in the 
organic phase is a saturated or unsaturated hydrocarbon solvent. 

The extractions of acrylic acid and/or other acid impurities, from the solution 
comprising 3-hydroxypropionic acid, is typically carried out at a temperature ranging from 
about OOC to about 100»C, preferably from about 200C to about 40oc, and more 
preferably, from about lO^C to about 25<>C. If pressurized, the extraction may be carried 
out at a higher temperature, for example, up to about 150»C. The volume ratio of the 
organic phase to the aqueous phase in the extraction stage ranges from about 20:1 to about 
1:20, preferably from about 10:1 to about 1:10, and more preferably from about 5:1 to 
about 1 :5. The extractions may be carried out in accordance with any manner and utilizing 
any extraction apparatus. Tie extraction is carried out for any period of time such that the 
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extraction is achieved. For example, flie extraction may be carried out in a multistage 
extraction column, in a counter current, co-current or cross current manner. 

Remaining after the aqueous phase comprising the 3-hydroxypiopionic acid is 
separated, is an organic phase that comprises acryUc acid and/or other acid impurities, and 
extractant In one embodiment for separating and recovering the aciyhc acid from the 
sohition comprising acrylic acid and extractant, the solution is back extracted with water. 
Accordingly, the acryUc acid is recovered from the organic phase, and the extractant is 
regenerated. The regenerated extractant may be recycled for use in the separation and 
recovery of the S-hydroxypropionic acid. The back extraction of the acrylic acid-extractant 
solution is carried out at a temperature ranging from about 0°C to about 180»C, preferably 
from about 50«C to about 140»C. When the temperature exceeds 100»C. the extraction is 
typically carried out under pressure. The volume ratio of the organic phase to the aqueous 
phase ranges from about- 20:1 to about 1:20, preferably from about 10:1 to about 1:10. 
and more preferably from about 5: 1 to about 1:5. The back extraction with water h 
carried out in any manner and with any extraction equipment in any period of time such 
that the back extraction is achieved. For example, the back extraction may be carried out 
in a multistage extraction column in counter current, co-current or cross current manner. 

In another embodiment for separating and recovering acrylic acid from a solution 
comprising acrylic acid, organic extractant and/or other acid unpurities, the organic phase 
that comprises mainly acrylic acid and/or other acid impurities is subjected to distillation 
of organic extractant. in the presence of water, for an extractant having a boiling point less 
than 100°C. The distilled extractant may be recycled back to the extraction for reuse to 
extract acryUc acid. The distiUation of extractant may be carried out, in the presence of 
water, in accordance with any maimer, under any conditions, such that the distillation is 
achieved. Preferably the distillation temperature is no greater than 100°C and the pressure 
is less than or equal to atmospheric pressure. For example, the distillation of extractant 
may be carried out at any pressure, and at any temperature. 

The volume ratio of the organic phase to the aqueous phase in the extraction stage 
ranges from about 20:1 to about 1 :20, preferably from about 10:1 to about 1:10. and more 
preferably from about 5:1 to about 1:5. The extraction is carried out in accordance with 
any manner and with any extraction equipment in any period of time such that the 



-7- 



wo 2005/021470 



PCT/US2004/023028 



extraction is achieved. For example, the extraction may be carried out in a multistage 
extraction column in counter current, co-cunent or cross current maimer. 

The process for separating and recovering 3-hydroxypropionic acid by solvent 
extraction fiom a solution comprising 3-hydroxypropionic acid, acrylic acid and/or any 
other acid impurities, may be combined with any of the processes for separating and 
recovenng acrylic acid fiom extractant solutions comprising the acrylic acid The 
processes may be combined in any mamier to provide an economic advantage by aUowing 
recovery and reuse of acryUc acid and extractant 

The invention will be more readily understood by reference to the following 
examples. There are, of course, many other forms of this invention which wiU become 
obvrous to one skilled in the art, once the invention has been faUy disclosed, and it wiU 
accordingly be recognized that these examples are given for the purpose of iUuslxation 
only, and are not to be constmed as limiting the scope of this invention in any way. 

EXAMPLP.S 

In the following Examples, products were analyzed by high pressure Uquid 
chromatography (HPLC), described as follows: 

High Pressure T jauid Chrnmatograp liY ("T^^ n>f 

HPLC - the products from the process were analyzed using a Waters 1525 Binary 
HPLC pump, equipped with a Waters 717 plus Autosampler, and Waters 2410 Refractive 
Index and Waters 2487 Dual Lambda Absorbance detectors, having a Bio-Rad HP87-H 
column 0.004 N sulfuric acid as the phase, a flow rate of 0-6 ml/min and a colmnn 
temperature of 60°C. 

Example 1 

In this Example, there were utilized five (5) aqueous stock solutions. Hie aqueous 
stock solutions comprise 3-hydroxypropionic acid and acryUc acid. Ih each of the five 
aqueous stock solutions, the concentration of 3-hydroxypropionic acid is approximately 
two tmies higher than the concentration of the acrylic acid. TTie aqueous stock solutions 
are shown in the following Table 1 . 
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Table 1 



Concentration of acryUc acid and 3-hydroxypropiomc acid in stock solutions. 



Aqueous Stock 
Solution No. 


Cone. Of aciylic 
acid in stock 
solution, wt, % 


Cone. Of3- 
hydroxypropionic acid 
in stock solution, wt# 


Cone. Of total 
acids in stock 
solution, wt% 


1 


0.67 


1.34 


2.01 


2 


3.33 


6.67 


10.00 


3 


6.67 


13.34 


20.01 


4 


9.99 


19.98 


29.97 


5 


12.51 


25.05 


37.56 
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In canying out the following extractions of 3-hydroxypropionic acid and aciylic 
acid fix)m aqueous stock solutions comprising 3-hydroxypiopionic acid and acryUc acid, 
the following organic extractants were used: 
Decanol 

Mefliyl isobutyl ketone (MiBiQ 
Isopropyl ether 
Methyl aciylate 
Methyl propionate 
Methylene chloride (CH2CI2) 
Toluene 

Isopropyl acetate 
Ediyl acetate 

50/50 wt% Tributyl phosphate (TBP) and ISOPAR-K isoparaffinic 
hydrocarbon available ficom Exxon Mobil Corporation 
The extraction procedure utilized in the Examples herein for separating and recovering 3- 
hydroxypropionic acid and acrylic acid from aqueous solutions comprising 3- 
hydroxypropionic acid and aciylic acid is set forth below. 

1. To a 15 ml centrifuge tube 5 ml of an acid stock solution and an extractant 
were added. Masses of the empty centrifuge tube, the aqueous solution and extractant 
were recorded. 

2. The tube was placed on a platform shaker and the contents in fbs tabe 
mixed at 230 rpm for 30 minutes at 22''C (rpm designates revolutions per minute). 

3. At the end of mixing, the tube was centrifuged at 4500 rpm for 5 minutes. 



a. 
b. 
c. 
d. 
e. 
f. 

g- 
h. 
i. 
j. 



were 
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4. The volumes of the aqueous and extractant phases in the tube were 
recorded. 

5. The aqueous phase was separated team the extractant phase and the masses 
of both phases were recorded. 

5 6. The aciyUc acid and the S-hydroxypropionic acid in the aqueous solution 

were analyzed by HPLC. 

7. The concentrations of acrylic acid and 3-hydroxypropionic acid in the 
organic extractant were calculated by subtracting the concentrations of acrylic acid and 3- 
hydroxypropionic acid in the aqueous phase from the initial concentration in the stock 
10 solution. 

The results obtained for the extraction of the aqueous stock solutions described 
herein to separate and recover acrylic acid and 3-hydroxypropionic acid, utilizing the 
organic extractants a -j, described above, are reported in the foUowing Table 2. 
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Table 2 



Exlxaction of Acrylic Acid (AA) and S-Hydroxypropionic Add (3HP) ftom 
aqueous stock solutions using various extaictants. 




; 35 I 8 95 

ttie aciylio acid by the partition coe£Scient of 3HP. 

3. 

ND means not detectable by HPLC. 
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me separation fector. S. reported in Table 2 is an indicator of the effectiveness of 
the separation of 3-hydroxypropionic acid ftom acrylic acid by the process utilizing an 
organic extractant. As the value of the separation factor. S, increases, the process is 
regarded as exhibiting a more e&ctive separation of 3-hydroxypropionic acid from acryUc 
acid. 



A review of the data observed in Table 2 reveals the following conclusions. When 
extracting aqueous stock solution number 5. that is regarded as a high acid concentration 
solution, since the total acid concentration was 37.56 weight % the separation factor S 
observed when utilizing the process of the present invention vary from 5 8 to 22 91 As a 
comparison, when utilizing ethyl acetate as an extractant. the separation factor. S. has a 
value of 4.66. By comparison, and surprisingly and unexpectedly, it has been found that 
the present process that requires the utilization of specified organic extxactants in 
achievmg the separation and recovery of acryhc acid and 3-hydroxypropionic acid from 
aqueous solutions con,>rising acrylic and 3-hydroxypropionic acid, results in a separation 
fector. S. that is increased by 250/0 to A9l%, relative to a process utHizing ethyl acetate as 
the organic extractant 

Also observed from the data in Table 2. is the effectiveness of a process for 
extraction of acrylic acid and 3-hydroxypropiomc acid from aqueous solutions comprising 
3-hydroxyproprionic acid and acrylic acid, where the aqueous solutions have a low acid 
concentration, such as 2.01 weight V., in the case of stock solution number 1 M this 
situation, as in the situation of solutions having a high acid concentration, the separation 
fector. S. ,s. smprisingly and unexpectedly, more effective when utilizing a specified 
organic extractant. More particularly, the data in Table 2 shows that a process for 
separatmg and recovering acrylic acid and 3-hydroxypropionic acid from an aqueous 
solution comprising acrylic acid and 3-hydroxjT,ropionic acid, when utilizbg ethyl acetate 
^ctractant. has a separation factor. S, of 16.55. As shown in Table 2. the values of the 
separation factor. S. when using the present process, range from 21.15 to 108.82. When 
utahzmg organic extractants that are within the present invention, as the data in Table 2 
shows, the separation factor of the present process exceeds the value obtained when ethyl 
acetate is used as the organic extractant in the process for separating and recovering 
acrylic acid and 3-hydroxypropionic acid. Indeed, the extent of the increase in value of 
the separation factor. S. is surprisingly and unexpectedly, ranging from 28o/o to 6570/0 
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Example 2 

In this Example, there is shown the process for separating and recovering acrylic 
acid from a solution comprising acrylic acid and an organic extractant that has a boiling 
point lower than 100«> C. TTie process involves distillation of the solution, in the presence 
of water, to distill the organic extractant having a boiling point lower than lOO* C, 
resulting in an aqueous acrylic acid solution. 

More particularly. 18.5 grams of isopropyl ether, 3 grams of acrylic acid, and 9 
grams of distUled water were introduced into a 100 ml round bottom flask. The organic 
extractant. isopropyl ether, that has a boiling point of 68<» C at ambient temperature, was 
then distilled from the solution. The distillation of the isopropyl ether organic extractant, 
was achieved by applying to the flask, containing the solution of acrylic acid, organic 
extractant and water, a reduced pressure of about 100 mm Hg, at room temperature (about 
20-24° C). The distiUation was completed in about 5 minutes. The resulting isopropyl 
ether distiUate that was collected, and the remaining aqueous solution m the flask, were 
weighed, and the concentration of acryHc acid in both the isopropyl ether distiUate and in 
the aqueous solution, were determined by means of titration. The amount of acryUc acid 
that remained in the flask as the aqueous solution was 91%. The amount of acryUc acid 
that was co-distilled with the isopropyl ether extractant was about 7%. A small amount of 
water was also co-distilled. 

From the data of Example 2, it is apparent that the process for separating and 
recovering acryUc acid from a solution comprising acrylic acid and an organic extractant 
that has a boUing point lower than 100» C, comprising distiUing the solution m the 
presence of water, is efTective. 

Example 3 

Back Extraction of AcryUc Acid with Water at 22°C. 

To a 15 ml centrifuge tube, about 3 grams of one of the following acryUc acid (AA) stock 
solutions and 3 ml of an organic extractant comprising 50/50 wt% tributyl phosphate- 
ISOPAR-K hydrocarbon were added. The tube was placed on a platform shaker and the 
contents in the tube were mixed at 230 ipm for 30 minutes at 22«C. After shakmg, the 
tubes were centrifiiged at 4500 rpm for five minutes. The aqueous phase was separated 
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fix,m the organic extxactant Both aqueous and organic phases were titrated to determine 
the concentration of aciyKc acid in each phase. THe results obtained for the back extraction 
of acrylic acid with water at 22»C are shown in the foUowing Table 3. 



Table 3 



Back Extraction of AcryUc Acid with Water from 50/50 wto/o tributyl phosphate- 
ISOPAR-K hydrocarbon Ertractant at 22°C. 



Sample No. 



1 



4 



Stock Solution 
AA,wt% 



1.02 



4.91 



9.79 



14.67 



19.42 



AA in Aqueous 
Phase, wt% 



.02 



1.18 



2.8 



5.59 



8.04 



AAinExtractant 
Phase. wt% 



1.02 



4.57 



7.48 



10.42 



12.44 



Partition 

CoefBcient 



5.10 



3.87 



2.67 



1.86 



10 



IS 



' Partition coefficient, D, was calculated by dividing the acid concentration m the 
extractant phase by the acid concentration in the aqueous phase, for AA. 

Example 4 

Back Extraction of Acrylic Acid wifli Water at 60°C. 

For the back extraction of acrylic acid with water at 60OC, the same experimental 
procedure as described in Example 3 was used except that the temperature was 60»C. The 
results obtained were listed in the foUowmg Table 4. 

Table 4 

Back Extraction of Acrylic Acid with Water from 50/50 wt% tributyl phosphate- 
ISOPAR-K hydrocarbon Extractant at 60**C. 



Back Extraction 
Temperature, *»C 


Stock Solution 
AA,wt% 


AA in Aqueous 
Phase. wt% 


AA in Extractant 
Phase, wt% 


Partition 
^Coefficient, D 


60 


14.67 


6.25 


10.11 


1.62 



20 



Example 5 

Back Extraction of Acrylic Acid with Water at 140X. 
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^ of ^ orgaauc eo.^ 50/50 we* «bu.yl phospWISOPAR-K 

witoMO 1T» mM,TO v«s stm«d at 100 ,pm for 30 minutes Tit mxt™ 
was anow«, 2 *ou« wMe s«ni.g a. 30 .p„. A«e, seMta,. a.e 

a^ and <^c pbas^ we. «»n .40^. .^^Xf^ 
«-c».ra.» or ac^ue .oii ^ ^ ^ „^ ^ ^ foUowing 5 

Table 5 



Back Extraction 
Temperature, <=>r 

140 



Stock Solution 
AA,wt% 



9.82 



AA in Aqueous 
Phase, ivt% 



AA in Extractant 
Phase, wt% 



Fron, *e da« in Exampbs 3, 4. and 5. ft is observe ^ Uck «hac«on n«y be carried 

Examp le 

An aqueous solution con-pdsing 9.99 wt % ae-ylio acid and 19 98 wt % 3 
bydroxypropaonic acid is placed in a vessel, a»l nnxed wfth an «^ voW of 
-ac^. comprising 50 «n.yl p,^,„, ^ ISOPAK-K ZZI 

IS placed on a shaker nt J-xn r««, * -»« . xne vessel 

" a &naKer at 230 rpm for 30 minutes at 22'C unH a 

a. 4500 ^ fo. 5 minutes. ^ o..nie P^^s^^TJ: ~ 
phase, and the quantity of acryHc acid and % • • aqueous 

aaueou*! ni,»c« • . . 3-hydroxypropiomc acid in the 

aqueous phase « expected to be 3.90 wto/o and 21.07 wt-Zo respectively. 
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The above oigamc phase, containing 7 15 wL% «rrv7,v m • . 

and ^ „ ^ ^ H „i 1 2: : ' 

toes ««h .Aogeo. ae» he«ed «, 140=C Tie I t " """"'^ '""^ 

minutes, .nd to steed 30 J 1 " " ^» 

•»<>»q<«« m-uastage MtectioiB of the .ciyHo acid w_T 

Examp le 7 

An aqueous solution comprisine 12 51 wt o/ 
1, J . "F^iftiug iz.Di wt. % aciyhc acid and 25 OS wt o/ ^ 

eaor. Tie vessels placed on a sWkrat 230 .pmfer 30 =™„tes at 22-C and T 
■mx.»«iscemi».gedat4500q»n&r5,ffl,u<«Tl»„™, ■ """^ 
a^eoos Phase, and the ^.y of ac^c^Tjr^ ~ 

.^^».asp.e.o.rderr.:r^^^ 
%!::rz.:;:::r''^'^~'»-— ^^^^^ 

uiboiiea water (10.3 ratio), and introduced into a flasV Th^ , , 

Ihe distillafloii is en«cled lo h. , ■• . °° """"s- '°»""«»Pa«uie. 
--"ing in „e ZTJZT^ ' "^^ 

-^.^=.diiirdrr.rr::,: " ---^ - - 

yielding a ,eh«vely p^ 3-W ^"Mrox^rop-onic acid (3-HP). ttas 

'^c^UrZJ " - -P^-ed acHc acid «^ 
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fl»iov«.fi<^ '"""""^ »«-n«» spin. «rf 30.^ „f 
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